Introduction {#sec1-1}
============

Joubert syndrome (JS) is characterized by episodes of abnormal respiratory pattern, oculomotor findings, hypotonia, ataxia, developmental retardation with evidence of neuropathologic abnormalities of cerebellum and brainstem.\[[@ref1]\] This clinical entity is underreported with a prevalence of less than 1 in 100,000. Only about 200 cases have been reported worldwide.\[[@ref2]\] It is a syndrome with a variable phenotype making it difficult to establish the exact clinical diagnostic boundaries of the syndrome. Even though the clinical features of the disorder are present in the newborn period, the correct diagnosis is often not made for several months or years after birth.\[[@ref3]\] The average age at diagnosis is 33 months.\[[@ref4]\] The importance of early detection of the syndrome is stressed so that suitable measures can be started as early as possible. A comprehensive review of literature is also presented.

Case Report {#sec1-2}
===========

A 7-month-old girl presented to the pediatric outpatient clinic with developmental delay and abnormal eye movements. Abnormal eye movements were noted shortly after birth and involved episodic deviation to lateral extremes of gaze, usually alternating and lasting for a few seconds. The movements were not accompanied by any change in color and activity and were present throughout the day. In between these movements, the child was unable to fixate and follow objects visually. Parents also noticed that the child was not able to keep up with developmental milestones. She had social smile at 3 months and head control at 5 months of age and was unable to sit even with support.

There was no history of seizure, abnormal breathing pattern, feeding or swallowing difficulty. She was born at term to non-consanguineous parents and suffered no significant perinatal asphyxia. She was the only child of her parents.

On examination, she appeared awake, alert, only inconsistently focusing visually. Intermittent movements of eyes to extremes of gaze were noted throughout the examination. She interacted with her parents and had social smile. She had no neurocutaneous markers. Ocular examination was normal. She showed mild facial dysmorphism in the form of forehead prominence, deep-set eyes, bilateral epicanthic folds and low frontal hairline. There was no organomegaly. Heart and lungs were normal on auscultation. Neurological examination revealed normal cranial nerves and fundus. Motor examination revealed hypotonia with normal tendon reflexes. Head circumference was normal for age.

The axial T1-weighted and T2-weighted \[[Figure 1](#F1){ref-type="fig"}\] Magnetic resonance (MR) images showed abnormally oriented and thickened superior cerebellar peduncles that resulted in a molar tooth configuration. The more caudal T2- and T1-weighted axial MR images \[[Figure 2](#F2){ref-type="fig"}\] showed the fourth ventricle shaped like a bat wing. Furthermore, T2-weighted axial MR images showed hypoplasia of the vermis which resulted in median approach of the two cerebellar hemispheres but without evidence of a posterior fossa cyst \[[Figure 3](#F3){ref-type="fig"}\]. Based on clinical and magnetic resonance imaging (MRI) findings, diagnosis of JS was made and parents were counseled. Follow-up at 9 months of age revealed that she is able to sit without support and has no truncal ataxia or titubation. Hypotonia has diminished.

![T2W axial image showing molar tooth sign (arrows)](JPN-6-44-g001){#F1}

![T1W axial image showing bat wing appearance of the fourth ventricle](JPN-6-44-g002){#F2}

![T2W axial image showing thin median cleft (arrows) separating cerebellar hemispheres](JPN-6-44-g003){#F3}

Discussion {#sec1-3}
==========

JS is a rare autosomal recessive disorder characterized by clinical and characteristic neuroradiological findings. Key neuroimaging features of JS include deep interpeduncular fossa, narrow isthmus (the ponto-mesencephalic junction), lack of decussation of superior cerebellar peduncles, dilated, distorted, and rostrally deviated fourth ventricle giving "Bat Wing" appearance, thick vertical superior cerebellar peduncles, rostral deviation of fastigium of fourth ventricle, wide foramen of Magendie and dysplastic vermis. The brain stem, predominantly the medulla and upper cervical spinal cord, tends to be small. "Molar tooth sign" encompasses deeper than normal posterior interpeduncular fossa, prominent or thickened superior cerebellar peduncles, and vermian hypoplasia or dysplasia.\[[@ref5][@ref6]\]

Although the diagnostic criteria for JS have not been established, the clinical features frequently mentioned as essential for the diagnosis of classic JS comprise:\[[@ref1][@ref5][@ref7][@ref8]\]

Hypotonia in infancy.Developmental delay/mental retardation.One or both of the following (not absolutely required but helpful for the diagnosis):Irregular breathing pattern in infancy (intermittent tachypnea and/or apnea).Abnormal eye movements.

Our patient had all the clinical symptoms with the exception of breathing abnormalities which may have been overlooked.

Associated supratentorial anomalies are uncommon, but cerebral cortical dysplasia and gray matter heterotopias have been reported.\[[@ref9]\] Moderate lateral ventricular enlargement due to atrophy has been described in 6--20% of cases.\[[@ref6]\] Many authors have reported the prevalence of some of these associated findings, which include polydactyly (8%), ocular coloboma (4%), and hamartomas of the tongue (2%), dysmorphic facies, microcephaly, tongue protrusion, multicystic kidney disease, congenital heart disease, unsegmented midbrain tectum, retinal dystrophy and agenesis of the corpus callosum.\[[@ref10]--[@ref13]\]

This syndrome is classified into two groups on the basis of presence or absence of retinal dystrophy. Patients with retinal dystrophy have a higher prevalence of multicystic renal disease and these patients also appear to have decreased survival rates compared with those of patients without retinal dystrophy.\[[@ref5]\] There was no evidence of retinal disease on ophthalmological examination in our patient.

Besides JS, cerebellar vermian anomalies have been reported with other disorders, such as Dandy-Walker syndrome and rhombencephalosynapsis. In Dandy-Walker malformation, the inferior part of the vermis is hypoplastic. However, the fourth ventricle is enlarged and communicates with a cyst in the posterior fossa. In addition, the ponto-mesencephalic junction, interpeduncular fossa and superior cerebellar peduncle are normal. In rhombencephalosynapsis, the cerebellar hemispheres are fused and, unlike in JS, a midline cerebellar cleft is not present.\[[@ref14]\]

Molar tooth sign is not specific for JS. Other clinical features define the subtypes of JS termed as Joubert syndrome and related disorders (JSRD). JSRD are categorized into six phenotypic subgroups: Pure JS, JS with ocular defect, JS with renal defect, JS with oculorenal defects, JS with hepatic defect, and JS with orofaciodigital defects. Although the molar tooth sign and other important clinical features of the JS may be seen in these syndromes, they usually have supplementary prominent features. These are syndromes such as the COACH, Varadi-Papp, Dekaban-Arima, Senior-Loken, Joubert with polymicrogyria, and Malta syndromes. Patients with COACH syndrome have bilateral coloboma, hepatic fibrosis and renal calcification, and in the Varadi-Papp syndrome there is mesaxial polydactyly, Y-shaped metacarpal, cleft lip or cleft palate, lingual hamartomas and vermian hypoplasia. The Dekaban-Arima syndrome is allied with Leber\'s congenital amaurosis and cystic dysplastic kidneys, whereas the Senior-Loken syndrome is related with Leber\'s congenital amaurosis, retinitis pigmentosa and juvenile nephronophthisis. In the Malta syndrome, these patients have the molar tooth sign, occipital encephalocele, hydrocephalus, cortical renal cysts with or without coloboma, and Leber\'s congenital amaurosis. Few patients can have features of JS and polymicrogyria.\[[@ref15][@ref16]\]

Developmental outcome in JS is variable. Steinlin *et al*.\[[@ref7]\] suggested that outcomes in JS can be divided into three courses: first, children who die young; second, patients who survive but are severely developmentally delayed and have a variety of visual and motor handicaps; and third, patients whose developmental quotients fall within the mildly delayed range (70--80).

With the exception of rare X-linked recessive cases, JSRD follow autosomal recessive inheritance and are genetically heterogeneous with one locus pointing to chromosome 9q. In addition, consanguinity has been documented in a few cases. Ten causative genes have been recognized so far, every single one encoding for proteins of the primary cilium or the centrosome, making JSRD part of an expanding group of diseases called "ciliopathies".\[[@ref5][@ref12][@ref16]\]

Pathological studies\[[@ref17]\] in these patients have shown that the cerebellar vermis is hypoplastic and the dentate nucleus is fragmented. The ponto-mesencephalic junction is dysplastic, with abnormal decussation of the superior cerebellar peduncle and elongation of rostral fourth ventricle. There is a decrease in neurons of the basis pontis and reticular formation. In the medulla, the inferior olivary nucleus, tractus solitarius, the nucleus and spinal tracts of trigeminal nerves show evidence of hypoplasia. The posterior median sulcus and pyramidal decussation are not present. Besides, there is neuronal enlargement in the nucleus gracilis and cuneatus.

Once a diagnosis of JS is made in one neonate or an infant, the diagnosis of this syndrome can be made by looking for the specific imaging findings at ultrasound during a subsequent pregnancy.\[[@ref9]\] Renal and retinal dysfunction can be progressive. In patients with retinal anomalies, the renal function should be monitored regularly and ultrasonography should be done to detect cystic renal disease.\[[@ref5]\] Finally, the diagnosis is important for future procedures that require anesthesia. These patients are sensitive to respiratory depressant effects of anesthetic agents like opiates and nitrous oxide.\[[@ref18]\] Hence, the use of these anesthetic agents should be avoided in these patients.
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